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(57)  The presentinvention provides an ultrasonic di-
agnostic apparatus that is capable of displaying an elastic
image, enabling an accurate and easy identification of
tissue characteristics of a diagnostic part. Elasticity data
regarding a test object is obtained based on a received
signal of an ultrasonic probe, and an elastic image rep-
resenting a distribution of the elasticity data of the test
object is generated. A display mode setting means sets
a display mode of the elastic image in such a manner
that a different tissue can be identified based on a value
of the elasticity data. In this case, the display mode is
differentiated by the value of the elasticity data within one
tissue. With this configuration, the tissue characteristics
of the diagnostic part are identified by the elasticity data,
and displayed in a different display mode, thereby dis-
playing an elastic image identifiable accurately and eas-

ily.
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Description
Technical Field

[0001] The present invention relates to an ultrasonic diagnostic apparatus that reconfigures an elastic image, based
on elasticity data, such as distortion and elastic modulus of a test object (subject to be examined).

Background Art

[0002] Anultrasonic diagnostic apparatus which takes animage of a test object has conventionally displayed a structure
of a living tissue of the test object, for example, in B-mode image. In recent years, the patent document 1, for instance,
discloses an ultrasonic diagnostic apparatus that displays an elastic image that shows hardness and softness of the
living tissue of the test object. As a method to generate the elastic image, the patent document 1 discloses that time-
series images of the living tissue when a pressure is applied onto a diagnostic part are obtained, and correlates thus
obtained time-series images to calculate a displacement and distortion of the living tissue, as well as measuring or
estimating the pressure on the test object on the contact surface. According to the displacement and the pressure being
calculated, elastic modulus of each of points on a tomographic image is obtained by an arithmetic computation, and the
elastic modulus on each of the points configures an elastic image which shows a distribution of those points. Element
data items of the elastic image being configured (elasticity data) are provided with hue information or monochrome
brightness information according to a value of the elastic modulus, and these data items are displayed on a screen. With
the configuration above, according to the hue of each part, it is possible to display an elastic image in which the elastic
modulus level on each part can be identified.

[0003] Non-patent document 1 discloses that a mean value and a standard deviation of the elastic modulus are
previously obtained, as to (a) lipid and (b) mixed composition of smooth muscle and collagen fiber, and then, points on
the elastic image obtained in the ultrasonic diagnostic apparatus are classified into (a) lipid area, (b) mixed area of the
smooth muscle and the collagen fiber, and (c) other tissue area. Then, each area is colored and displayed.

[0004]

[Patent Document 1] Japanese Published Unexamined Patent Application No. Hei05-317313
[Non-Patent Document 1] Clinical Pathology 2003; 51: 8: 805 - 812

Disclosure of the Invention
Problems to be solved by the Invention

[0005] According to the technique disclosed in the patent document 1, it is possible to know from the elastic image,
a level of hardness and softness of the living tissue. However, it is all left to a judgment of a laboratory personnel, how
to interpret the level of hardness of the living tissue in the elastic image. In general, the hardness of the living tissue
varies greatly, if the living tissue is different. The technique disclosed in the patent document 1 relates to a technique to
separate the tissue by color, based on a difference in the elastic modulus with respect to each tissue. However, even
in the case where the living tissue is the same, the hardness varies greatly depending on a property or a state of the
tissue or a benignity or malignancy of the tissue (hereinafter, generally referred to as "tissue characteristics" as
appropriate) . Therefore, a result of judgment as to the tissue characteristics may be different depending on the amount
of knowledge, experiences, and a skill level of the laboratory personnel. On the other hand, in the technique as disclosed
in the non-patent document 1, separation by color based on the difference in the tissue characteristics is not considered,
and there is a high possibility that if the tissue is the same, the color becomes the same. Therefore, with the technique
as disclosed in the non-patent document 1, it is not easy to discriminate the tissue characteristics such as the tissue
property and state, or benignity or malignancy thereof.

[0006] An object of the present invention is to provide an ultrasonic diagnostic apparatus that is capable of displaying
an elastic image, which enables an accurate and easy identification of the tissue characteristics of a diagnostic part.

Means to Solve the Problem

[0007] In order to achieve the above object, the present invention provides an ultrasonic diagnostic apparatus as the
following. That is, the ultrasonic diagnostic apparatus includes an ultrasonic probe for transmitting an ultrasonic wave
to and receiving an ultrasonic wave from a test object, an elasticity data configuration means for obtaining elasticity data
regarding the test object, based on a received signal of the ultrasonic probe, an image generation means for generating
an elastic image showing a distribution of the elasticity data of the test object, and a display mode setting means for
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setting a display mode of the elastic image, in order that a different tissue becomes identifiable based on a value of the
elasticity data, wherein, the display mode setting means sets different display modes within one tissue, corresponding
to the value of the elasticity data thereof. With this configuration, a tissue characteristic of a diagnostic part can be
identified by the elasticity data, and displayed in a different display mode. Therefore, an elastic image that is accurately
and easily identifiable can be displayed.

[0008] A first aspect of the display mode setting means identifies degeneration states within one tissue according to
the value of the elasticity data, and the display mode is differentiated in one tissue, corresponding to the degeneration
state.

[0009] By way of example, the display mode setting means may have a color information imparting means that imparts
color information differentiated by the degeneration state within one tissue. For this case, the color information may
include a hue and brightness, and the color information imparting means has a configuration that at least one of the hue
and the brightness varies continuously, according to the degeneration state in one tissue. Itis further possible to configure
such that the same hue is imparted to a denatured part within one tissue, and corresponding to the degeneration state
on the denatured part, the brightness of the hue is continuously changed.

[0010] A second aspect of the display mode setting means may identify degeneration types within one tissue corre-
sponding to the value of the elasticity data, and the display mode is differentiated by the degeneration type within one
tissue. By way of example, the display mode setting means may have a color information imparting means that imparts
color information as a display mode. A pattern, for instance, may be imparted as the display mode. Moreover, it is
possible to impart numerical value information representing an elasticity property as the display mode.

[0011] The color information imparting means may divide a range of the elasticity data according to the degeneration
type, and impart different color information items respectively to points in the one tissue, in association with the elasticity
data range in which the elasticity data item of each of the points is included. Furthermore, the color information imparting
means may separate, as a different elasticity data range, an area where the elasticity data ranges corresponding to at
least two degeneration types are overlapping. In addition, the color information imparting means may impart the color
information in such a manner that the color information discretely varies on the border between the elasticity data ranges.
[0012] Itis possible for the color information imparting means to control imparting of the color information in such a
manner that the same color information is assigned to the same degeneration type within one tissue. By way of example,
the color information imparting means may prepare multiple types of elasticity data range in advance, and select the
type of the elasticity data range so that the same color information is assigned to the same degeneration type.

[0013] In addition, the ultrasonic diagnostic apparatus according to the present invention may have a memory means
for storing a value of the elasticity data for every degeneration type, with respect to each test object, and the color
information imparting means defines the elasticity data range for every degeneration type, based on the multiple elasticity
data items being stored in the memory means.

[0014] Furthermore, the aforementioned color information imparting means may have a storage unit for storing a map
in which the elasticity data range is associated with the color information, and the color information may be imparted to
each point of the image according to the map. In that case, the storage unit may store at least one map for each diagnostic
part of the test object, and the color information imparting means is capable of selecting and using the map according
to the diagnostic part of the test object. The map can be displayed in a form of color bar on the display means.

[0015] The color information imparted by the aforementioned color information imparting means may include at least
one of the hue and the brightness. It is further possible for the color information imparting means to impart a different
brightness according to the value of elasticity data, as to the point having the elasticity data within the elasticity data
range to which the same hue is imparted.

[0016] In the present invention, the degeneration types may include at least one of the followings, for example; a
cancer tissue, a thermally hardened tissue, a fibrous tissue, a tissue hardened by cooling, and a tissue softened by
hormone therapy.

[0017] Inthe present invention, the elasticity data may be at least one of the followings, for example; elastic modulus,
viscoelasticity ratio, distortion amount, viscosity, an amount of displacement, a stress, and Poisson’s ratio.

[0018] In addition, the ultrasonic diagnostic apparatus according to the present invention may accept a setting of area
of interest against the elastic image that is displayed on the display means, obtain statistical information about the
elasticity data of each point within the area of interest, and display the statistical information in such a manner as
associated with the elasticity data range on the color bar, or with the area of interest. Itis further possible that a background
area being separated by color just like the color bar is displayed on the display means, and a graph representing a
temporal change of a mean value is displayed in such a manner as superimposing on the background area.

Effect of the Invention

[0019] According to the presentinvention, itis possible to implement the ultrasonic diagnostic apparatus that s suitable
for displaying an elastic image in which tissue characteristics of the diagnostic part are accurately and easily identifiable.
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By way of example, it is possible to display an elastic image that is provided with numerical information representing
color information, patterns, and elasticity properties, according to the type of tissue of the diagnostic part, and the type
of the degeneration. In addition, it is further possible to display an elastic image in a different display mode depending
upon the degree of the degeneration, even though the type of the degeneration is the same.

Best Mode for Carrying Out the Invention

[0020] One embodiment of the ultrasonic diagnostic apparatus to which the present invention is applied will be ex-
plained, with reference to the accompanying drawings. The ultrasonic diagnostic apparatus according to the present
embodiment takes images and displays the images of both a grayscale tomographic image (monochrome tomographic
image) of a test object, and an elastic image representing hardness or softness of the living tissue of the test object.
[0021] FIG.1isablockdiagram showing a configuration of the ultrasonic diagnostic apparatus according to the present
embodiment. As shown in FIG. 1, the ultrasonic diagnostic apparatus includes an ultrasonic probe 10 (hereinafter,
referred to as "probe 10") for transmitting an ultrasonic wave to and receiving an ultrasonic wave from the test object 1,
a transmitting circuit 12 as a sending means to supply a drive signal to the probe 10, a receiving circuit 13 and a phasing
addition circuit 14 as receiving means to process a received signal outputted from the probe 10, an ultrasonic transmitting
and receiving control circuit 30, a tomographic image generating system 101, and an elastic image generating system
102. The ultrasonic diagnostic apparatus further includes, a switch adder 44 for switching between the tomographic
image and the elasticimage, or adding one to the other, an image display 20, a cine memory 52, a device control interface
50, and a pressure measuring unit 27.

[0022] The elastic image generating system 102 includes an elasticity data construction unit 16, and a color scan
converter 23. The elasticity data construction unit 16 obtains elasticity data of each point of the living tissue of the test
object 1 according to a received signal outputted from the phasing addition circuit 14, and generates elastic frame data.
The color scan converter 23 imparts different display mode information to element data (elasticity data) that constitutes
the elastic frame data, and generates elastic image data showing a distribution of the elasticity data, according to an
appropriate coordinate conversion process, or the like. The display mode information referred to here may include, in
addition to the color information, pattern information for displaying a predetermined pattern in an area where the element
data is displayed, and numerical value information that is imparted to represent the elastic property. Furthermore, the
color information may include at least one of hue information and brightness information.

[0023] Inthe present embodiment, the color scan converter 23 identifies not only a type of the tissue, such as fat and
mammary gland, but also tissue characteristics (degeneration information) based on elasticity data, and imparts infor-
mation to display the parts having different type of tissues and degeneration information, respectively in different display
modes. In other words, when the type of tissue and the types of degeneration (a cancer tissue, a thermally hardened
tissue, a fibrous tissue, a tissue hardened by cooling, and a tissue softened by hormone therapy) are different, any of
different color information items, pattern information items, numerical value information items representing the elasticity
properties, and a combination of the information items are imparted. In addition, even when the type of tissue is the
same or the type of degeneration is the same, if a degeneration state is different, this degeneration state is figured out
according to the size of the elasticity data, and a different display mode is imparted. By way of example, if the degeneration
state is different within the same tissue or within the tissue having the same degeneration type, at least one of the hue
and the brightness is varied continuously.

[0024] The hue information, monochrome brightness information, and pattern information imparted by the type of
tissue and by the type of degeneration, are previously defined in such a manner that the hue, the brightness, and the
pattern vary discretely at the border between the types of tissue and the types of degeneration. The types of tissue and
the types of degeneration are identified according to the value of elasticity data. Accordingly, it is possible to figure out
the border between the different types of tissue or between the different tissue characteristics on the elastic image.
Detailed configuration and operation of the color scan converter 23 will be described below.

[0025] Itisto be noted that the elasticity data in the present embodiment represents numerical value data indicating
an elasticity property and a property relating to the elasticity, regarding the living tissue of the test object 1, and includes
at least one of elastic modulus (e.g., Young's modulus), viscoelasticity ratio, distortion amount, viscosity, amount of
displacement, a stress, and Poisson’s ratio. If two or more elasticity data items are employed, it is possible to generate
different elastic images from the two data items, respectively. It is further possible that two or more images of elasticity
data items are superimposed one on another and those images are displayed as one image. By way of example, if the
Young's modulus and the viscoelasticity are displayed simultaneously as one image, it is utilized that one pixel of the
elastic image is larger than one pixel of CRT and the like when being displayed, and adjacent two pixels of the elastic
image are used as one pair. Then, images are displayed on the pixel on the left side in a display mode imparted based
on the Young’s modulus, and on the pixel on the right side in a display mode imparted based on the viscoelasticity. In
the case above, by way of example, the hue of the Young’s modulus may be rendered in five warm colors, and the hue
of the viscoelasticity may be rendered in five cold colors, allowing both display modes to be distinguished. Accordingly,
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the elastic image is separated by color in a form of mosaic by pixel, and two elasticity data items can be displayed
simultaneously.

[0026] Hereinafter, the ultrasonic diagnostic apparatus will be explained more in detail. FIG. 2 (A) and (B) show
enlarged views of the ultrasonic probe , 10 as shown in FIG. 1. As shown in FIG. 2, the probe 10 transmits an ultrasonic
wave to and receives an ultrasonic wave from a test object, by way of mechanical or an electronic beam scanning. As
shown in FIG. 2(A), multiple transducers are arranged on a plane facing the test object 1, and those transducers form
a transducer group 24 in a shape of rectangular on the side of the ultrasonic wave sending and receiving surface. Each
transducer is an element to transmit an ultrasonic wave directing to the test object 1, and receive a reflected echo
generated from the test object 1 so that the echo is converted into a received signal. The probe 10 according to the
present embodiment has a form to be brought into contact with a body surface of the test object 1. However, various
forms may be applicable such as a transrectal probe, a transesophageal probe, an intraoperative probe, and an intra-
vascular probe.

[0027] In addition, as shown in FIG. 2(A), the probe 10 has pressure sensors 26a and 26b being mounted on the
periphery of the transducer group 24. By way of example, the pressure sensor 26a is disposed along one longitudinal
line of the transducer group 24. The pressure sensor 26b is disposed along the other longitudinal line of the transducer
group 24. Those pressure sensors 26a and 26b are connected to the pressure measuring unit 27 as shown in FIG. 1.
The pressure measuring unit 27 is a meter that measures or estimates a pressure on the contact surface with the test
object 1 based on detected values from the pressure sensors 26a and 26b, and then outputs the result as pressure
data. It is to be noted here that the probe 10 is not limited to the form as shown in FIG. 2 (A), and any form may be
applicable as the probe 10, as far as it incorporates the transducer group 24, and it is also provided with a function to
measure the pressure applied on the body surface of the test object 1. By way of example, as shown in FIG. 2(B), it is
possible to employ a configuration in which a reference deformable structure 25 is mounted in such a manner as covering
the transducer group 24 on the side facing the test object 1.

[0028] With the probe 10 as described above, an imaging method (Static Elastgraphy) is executed, which brings
pressure on the test object 1, while an ultrasonic wave is sent to and received from the test object 1. As an operation to
bring pressure, the ultrasonic wave sending and receiving surface of the probe 10 is brought into contact with the body
surface of the test object 1, and the probe 10 is manually moved vertically to bring pressure (pressurization or depres-
surization) on the test object 1. However, the operation is not limited to the above example, and any mode for exerting
pressure onto the test object 1 may be applicable.

[0029] On the other hand, in response to a command outputted from the ultrasonic transmitting and receiving control
circuit 30, the transmitting circuit 12 generates a pulse signal as a drive signal and supplies the pulse signal being
generated to the probe 10. In response to a command outputted from the ultrasonic transmitting and receiving control
circuit 30, the receiving circuit 13 receives the received signal outputted from the probe 10, then subjects the signal to
a process such as amplification, and outputs the processed signal to the phasing addition circuit 14. In the phasing
addition circuit 14, phasing of the received signal outputted from the receiving circuit 13 is performed and it is added. It
is to be noted here that the received signal outputted from the phasing addition circuit 14 is referred to as "RF signal”.
[0030] In the subsequent stage of the phasing addition circuit 14, a tomographic image generating system 101 and
an elastic image generating system 102 are arranged. The tomographic image generating system 101 includes a signal
processor 34 and a monochrome scan converter 36. The signal processor 34 subjects the RF signal outputted from the
phasing addition circuit 14 to a processing such as gain correction, log compression, detection, edge enhancement, and
the like, and constructs tomographic image frame data. The monochrome scan converter 36 converts the tomographic
image frame data outputted from the signal processor 34 into monochrome tomographic image data, and outputs the
converted image to the switch adder 44.

[0031] The elastic image generating system 102 includes the elasticity data construction unit 16 and the color scan
converter 23, as described above. As shown in FIG. 1, the elasticity data construction unit 16 is provided with an RF
signal frame data selection unit 15, a displacement measuring unit 17, an elasticity data arithmetic unit 19, and an
elasticity data processor 21. The RF signal frame data selection unit 15 stores the RF signals outputted in time-series
from the phasing addition circuit 14, and selects a pair of RF signal frame data items. The displacement measuring unit
17 measures an amount of movement or displacement of the test object 1, being associated with each measuring point
on the tomographic image, based on one pair of the RF frame data items outputted from the RF signal frame data
selection unit 15, and generates displacement frame data. The elasticity data arithmetic unit 19 performs arithmetic
computation of elasticity data of the test object 1, the elasticity data including at least one of the followings; elastic
modulus (e.g., Young’s modulus), viscoelasticity ratio, distortion amount, viscosity, amount of displacement, a stress,
and Poisson’ s ratio, based on the displacement frame data outputted from the displacement measuring unit 17 and the
pressure data outputted from the pressure measuring unit 27, and then, elastic frame data is generated. The elasticity
data processor 21 subjects the elastic frame data outputted from the elasticity data arithmetic unit 19 to a predetermined
signal processing.

[0032] The configuration and operation of each part of the elasticity data construction unit 16 will be further explained.
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The RF signal frame data selection unit 15 includes a frame memory for storing on a frame basis, multiple RF signals
outputted from the phasing addition circuit 14, and a selection unit for selecting a pair of RF signal frame data items,
i.e., two frame RF signal frame data items, from the frame memory. The RF signal frame data items are made up of a
group of RF signals corresponding to one screen (a frame). By way of example, the RF signal frame data selection unit
15 sequentially reserves as the RF signal frame data, on a frame basis, the RF signals outputted in time-series from the
phasing addition circuit 14. The RF signal frame data (N) is selected as a first data item, and also one RF signal frame
data (X) is selected as a second data item from the RF signal frame data group (N-1, N-2, N-3, ... N-M) having been
reserved prior to the RF signal frame data (N). "N", "M", and "X" here indicate index numbers assigned to the RF signal
frame data, and these are assumed as natural numbers.

[0033] Thedisplacement measuring unit 17 subjects the first and the second RF signal frame data items being selected
by the RF signal frame data selection unit 15 to a correlation processing, thereby measuring the displacement amount
or displacement vector of each measuring point on the tomographic image, and outputting the results to the elasticity
data arithmetic unit 19 as the displacement frame data. For example, the RF signal frame data (N) and the RF signal
frame data (X) outputted from the RF signal frame data selection unit 15 are subjected to the correlation processing,
and the displacement amount or the displacement vector are obtained. The correlation processing may be either of one-
dimensional correlation and two-dimensional correlation. In addition, as a method for detecting the displacement vector,
it is possible to apply a block matching method or a gradient method (see Japanese Published Unexamined Patent
Application No. Hei 05-317313, for example). The block matching method is a processing which divides an image into
blocks, for example, each made up of N x N pixels, and focuses attention on a block within an area of interest. Then, a
block that is the closest to the focused block is found out from the previous frame, and referring to this block being found,
a sample value is decided by a predictive coding, that is, by a difference between the blocks.

[0034] The elasticity data arithmetic unit 19 performs arithmetic computation of elasticity data of each measuring point
on the tomographic image, the elasticity data including at least one of elastic modulus, viscoelasticity ratio, distortion
amount, viscosity, an amount of displacement, a stress, and Poisson’ s ratio, based on the displacement frame data
(e.g., displacement vector) outputted from the displacement measuring unit 17 and the pressure data outputted from
the pressure measuring unit 27, and generates elastic frame data by bundling the computed elasticity data on frame
basis. Then, the elastic frame data being generated is outputted to the elasticity data processor 21. By way of example,
the distortion amount as one of the elasticity data does not need pressure data, and it can be obtained by the space
derivative of the shift amount, e.g., displacement, of the living tissue. In addition, as shown in the following equation 1,
the Young’ s modulus Ym as one of the elastic modulus is obtained by dividing the pressure (stress) by the distortion
amount. Subscripts i and j in the equation 1 indicate each coordinate of the frame data.

(Equation 1)
Ym;,; = Pressure (Stress);,;/ Distortion amount;,;
(i, J =1, 2, 3,...)

[0035] Alternatively, the elastic modulus may be computed by using other parameters, such as stiffness parameter
B, compressive elastic modulus Ep, and incremental elastic modulus Einc (see Japanese Published Unexamined Patent
Application No. Hei 05-317313, for example).

[0036] The elasticity data processor 21 subjects the elastic frame data outputted from the elasticity data arithmetic
unit 19 to the processing, such as a smoothing process within a plane of coordinate, contrast optimizing process, a
smoothing process in the temporal axis direction, and outputs the processed data to the color scan converter 23.
[0037] The color scan converter 23 is provided with the functions as the following, the detailed structure thereof being
shown in FIG. 3, a mapping function for imparting a display mode for displaying color information (at least one of the
hue information and the monochrome brightness information) or pattern information, to element data (elasticity data) of
the elastic frame data outputted from the elasticity data processor 21, and an outputting function for subjecting the
elasticity data on which the mapping function is applied, to a predetermined coordinate converting process to output the
processed data to the switch adder 44. Specifically, as shown in FIG. 3, the color scan converter 23 includes a memory
circuit 46, a color information converter circuit 18, a coordinate converter circuit 48, and a discrimination map data storing
unit 122, and implements the functions thereof.

[0038] The memory circuit 46 stores elastic frame data outputted from the elasticity data processor 21. The discrim-
ination map data storing unit 122 previously stores discrimination map data 22. The color information converter circuit
18 follows the discrimination map data 22, and assigns at least one of the hue information and the monochrome brightness
information to each of the elasticity data items of the elastic frame data read out from the memory circuit 46. The
coordinate converter circuit 48 subjects the elastic frame data outputted from the color information converter circuit 18
to a predetermined coordinate conversion process, and outputs color elastic image data, i.e., hue information frame
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data, to the switch adder 44.

[0039] The discrimination map data 22 is a mapping function that is previously defined to assign the color information
(at least one of the hue information and the brightness information) indicating a type of tissue and type of degeneration
(tissue characteristics) corresponding to a value (intensity) of the elasticity data item as to the test object 1. The discrim-
ination map data 22 will be detailed later. As for this discrimination map data 22, multiple data items are prepared in
advance with respect to each diagnostic part of the test object 1, and one discrimination map data is selected in response
to a control command.

[0040] Inresponse tothe control command, the coordinate converter circuit 48 subjects the elastic frame data outputted
from the color information converter circuit 18 to an interpolation process for aspect ratio matching or a conversion
process to a polar coordinate, for instance. Accordingly, an image having a coordinate relationship in conformity with
the current measurement state is structured as color elastic image data. The color elastic image data being structured
is outputted from the coordinate converter circuit 48 to the switch adder 44.

[0041] The switch adder 44 switches between the monochrome tomographic image data outputted from the mono-
chrome scan converter 36 and the elastic image data outputted from the color scan converter 23, and either one of the
data is displayed on the image display 20. Alternatively, the monochrome tomographic image data and the elastic image
data may be added to one another to be outputted to the image display 20. By way of example, the switch adder 44
may select either one of the monochrome tomographic image and the color elastic image data to be displayed on the
image display 20. Furthermore, both of the monochrome tomographic image data and the color elastic image data are
selected to be simultaneously displayed side by side, according to the two-screen display function of the image display
20. Alternatively, the monochrome tomographic image data and the color elastic image data may be added to one
another based on a predetermined weighting factor, and combined with one another, whereby a semitransparent su-
perimposed image is generated and displayed on the image display 20. Accordingly, a diagnostic information as to the
test object 1 can be displayed on the image display 20, thereby allowing a laboratory personnel to give a diagnosis
referring to this image.

[0042] In addition, the switch adder 44 according to the present embodiment has a function to display on the image
display 20, the discrimination map data 22 together with the color elastic image data, and a function to display on the
image display 20, an indicator which indicates the tissue characteristic of the area of interest that is set on the color
elastic image. By way of example, the switch adder 44 may display the discrimination map data 22 in a form of color
bar, so as to figure out the correspondence between the elasticity data of the test object 1 and the hue information, and
the correspondence between the type of tissue and the tissue characteristic, and the hue information or the brightness
information. A specific display example will be explained in the embodiment 5 described below.

[0043] The device control interface 50 accepts a directive from the laboratory personnel, and generates a command
to control the ultrasonic diagnostic apparatus in response to the directive. By way of example, the device control interface
50 outputs to the color scan converter 23, a command for selection from the discrimination map data 22, which is accepted
from the laboratory personnel by an input means such as a keyboard. Furthermore, in response to an input command
accepted from the laboratory personnel by the input means such as a mouse, a directive is outputted to the color scan
converter 23 so as to set an area of interest on the color elastic image displayed on the image display 20.

[0044] An operation of the ultrasonic diagnostic apparatus configured as described above will be explained. Firstly,
the ultrasonic wave transmitting and receiving side of the probe 10 is brought into contact, for example, with a body
surface of the test object 1. In response to a command outputted from the ultrasonic transmitting and receiving control
circuit 30, a drive signal is supplied from the transmitting circuit 12 to the probe 10 at a predetermined time interval. In
response to the drive signal being provided, ultrasonic waves are transmitted to the test object 1 repeatedly from the
probe 10. In the course of propagating within the test object 1, the ultrasonic wave is reflected as a reflected echo. The
reflected echoes are sequentially transferred by the probe 10, and converted into received signals. The received signals
being converted are processed as time-series RF signals by the receiving circuit 13 and the phasing addition circuit 14.
The time-series RF signals being processed are outputted to both the signal processor 34 and to the RF signal frame
data selection unit 15.

[0045] In transmitting the ultrasonic wave to and receiving the ultrasonic wave from the test object 1, the probe 10 is
manually moved vertically with respect to the body surface of the test object 1. Accordingly, the test object 1 is pressurized
or depressurized. The pressure applied to the test object 1 is measured by the pressure measuring unit 27 via the
pressure sensors 26a and 26b.

[0046] According to the RF signals outputted from the phasing addition circuit 14, a monochrome tomographic image
data is constructed by the signal processor 34 and the monochrome scan converter 36. The monochrome tomographic
image data is displayed on the image display 20 via the switch adder 44, in response to the control command from the
device control interface 50.

[0047] On the other hand, according to the RF signals outputted from the phasing addition circuit 14, displacement
frame data is obtained by the RF signal frame data selection unit 15 and the displacement measuring unit 17, the
displacement frame data being related to a shift amount or displacement of the test object 1, which is associated with



10

15

20

25

30

35

40

45

50

55

EP 1864 612 Al

each of the measured points on the tomographic image. According to the displacement frame data being obtained and
the pressure data outputted from the pressure measuring unit 27, elastic frame data is reconstructed by the elasticity
data arithmetic unit 19 and the elasticity data processor 21.

[0048] According to the discrimination map data 22, the elastic frame data outputted from the elasticity data processor
21is provided with at least one of the hue information and the brightness information, by the color information converter
circuit 18 of the color scan converter 23, with respect to each elasticity data that constitutes the elastic frame data. In
other words, each of the elastic frame data is provided with either one of the hue information and the brightness information
which are set in advance, with respect to each type of tissue and each type of the degeneration (tissue characteristic),
in association with the size of the elasticity data regarding the test object 1. Accordingly, elastic image data is configured.
The elastic image data is displayed on the image display 20 via the switch adder 44, in response to a control command
from the device control interface 50.

[0049] According to the present embodiment, the discrimination map data 22 is structured as special map data, which
divides the value of the elasticity data into multiple areas respectively corresponding to differences of the tissue types
and degeneration types (tissue characteristic), and assigns at least one of different hue and brightness items to the
areas, respectively. Therefore, when at least one of the hue information and the brightness information is assigned in
conformity with the discrimination map data 22 by the color information converter circuit 18, to each elasticity data of
the elastic frame data that is outputted from the elasticity data processor 21, the elastic frame data reflects the type of
tissue or the type of degeneration estimated from the hardness of the diagnostic part, not reflecting the hardness itself.
By displaying the elastic image corresponding to the elastic frame data on the image display 20, it is possible to identify
fromthe image, the type ofthe tissue and the type of the degeneration of the diagnostic part, objectively and quantitatively.
As aresult, a diseased part or the like of a diagnostic tissue may be accurately and easily diagnosed, thereby enhancing
the diagnostic efficiency and inspection accuracy.

[0050] Here, with reference to FIG. 4 to FIG. 8, embodiments and comparative examples of the discrimination map
data 22 according to the present embodiment will be explained.

<Embodiment 1>

[0051] Asthe embodiment 1, map data for mammary gland tissue 22a will be explained, with reference to FIG. 4. As
for the map data for mammary gland tissue 22a, an elastic modulus is employed as the elasticity data, and the range
of the elastic modulus is divided more than one, to be associated with types of breast tissue and tissue characteristics
(types of degeneration). Then, different hue information items are assigned to the divided ranges, respectively. In other
words, different hue information items are respectively assigned to the ranges of the elastic modulus corresponding to
the fat, a mammary gland tissue, and fiber tissue, which are tissues without degeneration, and the ranges of the elastic
modulus corresponding to mammary duct cancer and invasive infiltrating duct cancer as a mammary duct tissue having
degeneration. In addition, since a range of the elastic modulus of the mammary duct cancer partially overlaps that of
the fiber tissue, an alternative different hue is assigned to the overlapped range of the elastic modulus, so as to indicate
that the overlapped range of the elastic modulus may be any one of the mammary duct cancer and the fiber tissue.
Specifically, in the map data for mammary gland tissue 22a as shown in FIG. 4, the hues are assigned as the following,
the fat is blue, the mammary gland tissue is light blue, the fiber tissue is green, a tissue having a possibility of any one
of mammary duct cancer and fiber tissue is yellow, the mammary duct cancer is pink, and infiltrating duct cancer is red.
However, it is possible to vary the hue as appropriate. In FIG. 4, the hue corresponding to each tissue is represented
by various patterns for illustrative purpose. Further in FIG. 4, the patterns provided for respective tissues may be used
substituting for the hues of the map data 22a. In this case, the patterns as shown in FIG. 4 are displayed for the respective
tissues of an elastic image being identified.

[0052] In general, it is known that the hardness of the tissue varies greatly depending on its characteristic. By way of
example, it is known that cancer becomes more solid along with the development of cancer, and palpation may be one
of the methods that carry out a diagnosis according to a difference of the hardness. The ultrasonic diagnostic apparatus
is conventionally able to generate an elastic image by obtaining the elastic modulus and the like by computation. However,
it has been dependent on knowledge and experiences of the laboratory personnel to determine whether or not a tissue
gets cancer, according to the hardness of the area of interest. By using the discrimination map data 22a of the present
embodiment, each of the types of tissue (fat, mammary gland tissue, and fiber tissue) and each of two types of degen-
eration (mammary duct cancer and infiltrating duct cancer) can be associated with the elastic modulus in advance. With
the configuration above, it is possible to display the types of tissue and the types of degeneration according to the hue,
as objective information obtained from the elasticity data, without depending on the laboratory personnel’s knowledge
and experiences.

[0053] Asthusdescribed, when a color elastic image is displayed by applying the discrimination map data for mammary
gland tissue 22a, the color elastic image becomes a tomographic image of breast separated by hue for each type of
tissue and degeneration. Therefore, by referring to the color elastic image according to the present embodiment, it is
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possible to objectively identify the tissue characteristics of the mammary gland.

[0054] In addition, the chart 111 as shown in FIG. 4 indicates a previously obtained relationship between the types of
tissue and degeneration in the mammary gland tissue, and the elastic modulus, so as to define the correspondence
between the elastic modulus ranges and the hues in the color map data 22a. The vertical axis of the chart 111 indicates
the elastic modulus, and the horizontal axis indicates the tissue characteristic. For the relationship described above, the
one having been obtained in advance by experiments can be employed. Alternatively, it is possible to employ the
information reported by Krouskop, et al., for example (T. A. Krouskop et al, Ultrasonic Imaging, 1998).

[0055] FIG. 4 also shows a conventional color map data 60 for comparison with the discrimination map data 22a of
the present embodiment 1. As shown in FIG. 5, the hue information (blue, green, and red) that continuously varies in
gradation according to the functions 62, 64, and 66 is assigned to the color map data 60 of the comparative example,
in such a manner as associated with the value of the elasticity data only. By way of example, in FIG. 5, the colors from
blue to green are assigned to the elastic modulus varying from 0 [kPa] to 400 [kPa], and the colors from green to red
are assigned to the elastic modulus varying from 400 [kPa] to 800 [kPa].

[0056] Inthe color map data 60 of the comparative example as shown in FIG. 4, the area colored in blue-green extends
over both the mammary duct cancer and the fiber tissue, and the gradation varies continuously thereon. Therefore, it is
not possible to figure out the border between the mammary duct cancer and the fiber tissue (around 300 kPa and around
220 kPa of the elastic modulus). It is further impossible to figure out the range of elastic modulus (220 to 300 kPa) that
may correspond to both the mammary duct cancer and the fiber tissue. Therefore, according to the image colored by
blue-green, it is not possible to figure out whether or not there is a possibility of degeneration in the tissue. On the other
hand, in the embodiment 1, the border between the mammary duct cancer the fiber tissue (around 300 kPa and around
220 kPa of the elastic modulus) can be clearly figured out, as the border between pink and yellow, and as the border
between yellow and green. In addition, it is further possible to recognize as the color of yellow, the range of elastic
modulus (from 220 to 300 kPa) that may indicate both the mammary duct cancer and the fiber tissue.

[0057] Similarly, when the color elastic image is displayed by the color map data 60 of the comparative example, it is
difficult to identify whether a focused tissue associated with the green color of the elastic image indicates the mammary
duct cancer or the infiltrating duct cancer. As for this point, according to the color elastic image obtained by the color
map data 22a of the present embodiment 1, they are discriminated by the color, that is, the color red indicates the
infiltrating duct cancer, and the color pink indicates the mammary duct cancer. With the color yellow, the area that has
a possibility of both the mammary duct cancer and the fiber tissue can be identified.

<Embodiment 2>

[0058] With reference to FIG. 6, the discrimination map data for mammary gland tissue 22b of another aspect will be
explained as the embodiment 2. This discrimination map data 22b is the same as the map data 22a according to the
embodiment 1, in the point that different hues are respectively assigned to the types of tissue and to the types of
degeneration. However, in each hue, the brightness varies continuously within the hue in such a manner as associated
with the magnitude of the elastic modulus. In other words, each of the hues indicating the types of tissue and existence
of degeneration are respectively provided with the brightness continuously varying, to add gradations, and this point is
different from the embodiment 1. By way of example, as for the infiltrating duct cancer, a higher-intensity (brighter) red
is assigned, as the elastic modulus is increased, that is, as the state of degeneration is changed.

[0059] According to the map data 22b of the present embodiment 2, while identifying the, types of mammary gland
tissue and degeneration (mammary duct cancer, infiltrating duct cancer) by the difference in hues of the elastic image,
the brightness of the hues can be visibly recognized. Therefore, it is possible to figure out the state of degeneration
(degree of degeneration) and the magnitude of the elastic modulus. With the configuration above, the laboratory personnel
is allowed to recognize the types of degeneration and the state of degeneration of the tissue (degree of degeneration),
more specifically than the embodiment 1 where the discrimination map data 22a uses only the hues. Therefore, a
diseased diagnostic tissue or the like may be accurately and easily diagnosed, thereby further enhancing the diagnostic
efficiency and inspection accuracy. It is to be noted that another configuration may be possible such as varying the hue
gradation continuously, instead of varying the brightness information.

<Embodiment 3>

[0060] With reference to FIG. 7, the discrimination map data for mammary gland tissue 22c of another aspect will be
explained as the embodiment 3. Unlike the map data 22a and 22b of the embodiments 1 and 2, in the discrimination
map data for mammary gland tissue 22c, different hues are assigned depending on whether the mammary gland tissue
is benign or malignant (whether or not the tissue is not denatured or denatured) . In other words, as shown in FIG. 7,
the color of red is assigned to the range of elastic modulus of the mammary duct cancer and the infiltrating duct cancer,
the color of light-blue is assigned to the range of elastic modulus of the fat, mammary gland tissue, and fiber tissue, and
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the color of yellow is assigned to the range in which the elastic modulus of the mammary duct cancer overlaps that of
the fiber tissue. By using the discrimination map data 22c as shown in FIG. 7, it is possible to directly and clearly recognize
whether the elastic image is benign (light-blue) or malignant (red), or there is a possibility of both (yellow).

<Embodiment 4>

[0061] The present invention can be applied not only to the mammary gland tissue but also any other target part. In
the embodiment 4, with reference to FIG. 8, the discrimination map data for prostate tissue 22d will be explained by way
of example. In the discrimination map data for prostate tissue 22d as shown in FIG. 8, the color of light blue is assigned
to the range of elastic modulus of non-denatured tissue of prostate gland (anterior part of prostate and posterior part of
prostate), the color of yellow is assigned to the range of elastic modulus of benign denatured tissue (prostatic hypertrophy),
and the color of red is assigned to the range of elastic modulus of malignant denatured tissue (prostatic cancer). By
applying this map data for prostate tissue 22d, it is possible to objectively discriminate the types of tissue and the types
of degeneration (characteristic) of the prostate gland, according to the elastic modulus.

[0062] As described above, at least one type of the discrimination map data 22 can be prepared with respect to each
diagnostic part, as described in the above embodiments 1 to 4. Therefore, it is possible to configure such that all of these
data items are previously stored in the discrimination map data storing unit 122, and in response to the map data selection
command accepted by the device control interface 50 from the laboratory personnel, one discrimination map data 22
item is selected and passed to the color scan converter 23.

[0063] By way of example, the discrimination map data items for mammary gland tissue 22a to 22¢ and the map data
for prostate tissue 22d are previously stored in the discrimination data map storing unit 122, and when a mammary gland
is diagnosed, one of the map data items for mammary gland tissue 22a to 22c appropriate for the diagnostic purpose
is selected by the laboratory personnel. As a purpose of diagnosis, for example, if one wishes to know a mammary gland
tissue structure and the type of degeneration, the discrimination map data 22a is selected. If one wishes to know the
state of degeneration (degree of degeneration) in addition to the mammary gland tissue structure and existence of
degeneration, the discrimination map data 22b is selected. If one wishes to know mainly the existence of degeneration,
the discrimination map data 22c may be selected. When the prostate gland is diagnosed, the map data for prostate
tissue 22d is selected. Accordingly, it is possible to impart a hue to the type of tissue and the type of degeneration
(characteristic), in accordance with a property of hardness for each diagnostic part and a diagnostic purpose. Therefore,
even when the tissue characteristics of multiple types of diagnostic parts are diagnosed, according to various diagnostic
purposes, it is possible to identify the tissue characteristic of each diagnostic part, promptly and accurately.

<Embodiment 5>

[0064] In the embodiments 1 to 4, various discrimination map data items 22a to 22d have been explained. In the
embodiment 5, a displaying operation in displaying the elastic image using these discrimination map data items 22a to
22d, and a user interface such as a method for setting an area of interest will be explained.

[0065] As a display example of the embodiment 5, FIG. 9 shows an elastic image generated by using the map data
for prostate tissue 22d that is displayed on the image display 20. As shown in FIG. 9, in the display screen of the image
display 20, there are provided a display area 72 of the elastic image data 70 and a display area 74 of the map data 22d
indicating the tissue characteristic of the prostate gland.

[0066] In the display area 72 for the elastic image 70, the device control interface 5 displays an arrow 78 that is a
mark (e.g., a mouse cursor) for setting the area of interest 75 in the elastic image 70. The device control interface 50
accepts an operation to set the area of interest 75 having a shape desired by the laboratory personnel who moves the
arrow 78, and displays the area of interest on the elastic image 70. In addition, the device control interface 50 directs
the elasticity data arithmetic unit 19 to compute a mean value of the elasticity data within the area of interest 75, and
shows a numeric value (92 kPa in FIG. 9) as a result of the computation by displaying the arrow 80 indicating the value,
on the display of the discrimination map data 22d in the display area 74. The numerical value of the mean value is
displayed also in the display area 76. Alternatively, as shown in FIG. 10, the mean value may be displayed as a numeric
value in proximity to the area of interest 75. In addition to the mean value, it is further possible that a deviation value of
the elasticity data within the area of interest 75 is computed, and a result of the computation is displayed in proximity to
the area of interest 75.

[0067] In addition, a table indicating association among the elasticity data (elastic modulus, in this case), a probability
(%) indicating the possibility of lesion, and the lesion hame, may be previously stored in a memory within the elasticity
data arithmetic unit 19. Accordingly, it is possible to display in the area 76, the probability indicating the possibility of
lesion, and the name of the lesion, which are associated with the mean value of the elasticity data in the area of interest 75.
[0068] Accordingly, the laboratory personnel is allowed to easily figure out the correspondence between the image
and the elastic modulus, and also allowed to see a display showing the name of lesion and the probability of the lesion,
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which are stored as data in the ultrasonic diagnostic apparatus. Therefore, the laboratory personnel is provided with
information that assists his or her judgment.

[0069] In addition, when the probe 10 is moved manually and vertically to bring pressure on the test object 1, the
position of the tissue is changed in accordance with the pressure. Therefore, the area of interest 75 may be displayed
in such a manner as following the change (tracking). Specifically, a displacement of the tissue is detected by the dis-
placement measuring unit 17, and a detection result is received by the device control interface 50. Then, the display of
the area of interest 75 is moved, whereby the area of interest can be moved along the displacement of the tissue. In
this case, for example, a mean value of the elasticity data corresponding to each pixel of the area of interest 75 is updated
in real time, and the updated mean value may be displayed in proximity to the area of interest 75 or in the area 76.
[0070] Itis further possible to configure such that multiple areas of interest R1 and R2 can be set simultaneously. By
way of example, as shown in FIG. 1.0, the device control interface 50 accepts from the laboratory personnel, a setting
of the area of interest 75 as the first area of interest R1, and accepts from the laboratory personnel, a setting of the area
of interest 84 as the second area of interest R2. In the case above, in displaying the discrimination map data for prostate
gland 224, it is possible to display an arrow 80 indicating a hue corresponding to the average of elasticity data (e.g., 92
kPa) of the area of interest 75, and an arrow 82 indicating a hue corresponding to the elasticity data (e.g., 47 kPa) of
the area of interest 84.

[0071] According to the display operation and the user interface as shown in FIG. 9 and FIG. 10, the area of interest
75 is set conversationally, or interactively and a display index is visually recognized, thereby allowing the tissue char-
acteristic of the area of interest to be identified objectively and quantitatively. In addition, it is possible to easily figure
outthe hardness and the hue visually, which are associated with the tissue characteristic of the area of interest. Therefore,
usability for the laboratory personnel is enhanced, and the diagnostic efficiency and inspection accuracy can be further
improved. In addition, the display mode can be designated or selected by the device control interface 50.

[0072] InFIG. 9 and FIG. 10, the configuration to accept the setting of the areas of interest 75 and 84 on the elastic
image 70 has been described. However, the configuration is not limited as described above, it is further possible to
display atomographicimage (B mode image) in the area 72, and accept a setting of the area of interest on the tomographic
image. In the case above, it is possible to set the area of interest, in accordance with the structure of the tissue indicated
by the tomographic image. Even when the setting of the area of interest is accepted on the tomographic image, the
mean value or the like of the elasticity data is obtained by the computation similar to the case as described above, and
such values may be displayed by the arrow 80 or in the area 76.

[0073] Inthe embodiment 5, the configuration has been explained, in which a setting of the area of interest is accepted
from the laboratory personnel. However, it is of course possible to automatically set the area of interest, by using a
publicly known automatic area setting method. By way of example, it is possible to set a border of the area of interest,
on a boundary where the hue on the elastic image is changed, a surrounding part of the region where the brightness is
drastically changed on the tomographic image, or the like.

<Embodiment 6>

[0074] Next, as the embodiment 6, an example for displaying a graph 113 that indicates a temporal change of the
elasticity data (elastic modulus) in the area of interest 75 will be explained with reference to FIG. 11, in addition to the
display example of FIG. 10.

[0075] The elasticity data of the tissue of the test object 1 has a nonlinear elastic property, and the data varies nonlinearly
by the pressing operation against the test object 1 by the probe 10. Therefore, if the tissue characteristic is identified
only by the elasticity data at a certain point of time, it is not possible to completely deny a probability that the elasticity
data at the point of time indicates a peculiar value. Furthermore, it may be difficult to determine whether or not a pressing
condition is appropriate. In view of the situations above, in the display example as shown in FIG. 11, there is provided
an area 114 for displaying the graph 113 indicating a. temporal change of the elasticity data, in addition to the display
area 72 of the elastic image data 70, and the display area 74 of the discrimination map data 22d indicating the types of
tissue and the types of degeneration (characteristic) of prostate gland. The area 114 indicates a temporal change of the
mean value of the elasticity data in the areas of interest 75 and 84. In the graph 113, the vertical axis indicates elasticity
data (elastic modulus) and the horizontal axis indicates a passage of time. Background area of the graph 113 is separated
by color in the vertical axis direction, in the same manner as the discrimination map data 22d.

[0076] Change curves 111 and 112 of the elasticity data in the areas of interest 75 and 84 are shown in the graph
113, whereby it is possible to easily figure out whether the change curves 111 and 112 remain in the elasticity data
range of one tissue characteristic indicated by the discrimination map data 22d, or enter in the elasticity data range of
the type of adjacent tissue or the type of degeneration, depending on the time. Accordingly, the laboratory personnel is
allowed to recognize not only the elastic image data at a certain point of time, but also the previous elasticity data before
the current time, and thereby identifying the tissue characteristic in a comprehensive manner. It is further possible to
determine whether or not the pressing condition is appropriate, according to the amplitudes of the change curves 111
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and 112.

[0077] Itis to be noted that the data displayed in the graph 113 is not limited to one type of elasticity data (elastic
modulus), but other elasticity data, such as viscoelasticity ratio, distortion amount, viscosity, amount of displacement, a
stress, Poisson’ s ratio, and the like, may be displayed together. It is further possible to compute and display a parameter
and the like, indicating a non-linear property of the viscoelasticity ratio and elastic modulus.

[0078] Itis further possible to display in the graph 113, a graph indicating the rate of change of the elasticity data along
with a passage of time.

[0079] Inthe graph 113 asshownin FIG. 11, the background area is separated by color in association with the display
of the discrimination map data 22d. However, it is further possible to separate the change curves 111 and 112 themselves
by color.

<Embodiment 7>

[0080] As the embodiment 7, discrimination map data for prostate tissue 22e and an image display example will be
explained with reference to FIG. 12 (a) to FIG. 12 (d), for evaluating an effect of treatment by HIFU (high-intensity focused
ultrasound).

[0081] The treatment by HIFU is a method that emits strong ultrasonic waves from the probe for treatment, and focuses
highly intensive ultrasonic waves into a small area. The temperature at the focal point becomes high, such as 60 to 90
°C, and a carcinomatous lesion exposed to this high temperature may be destroyed and killed. The small focal point of
the HIFU is gradually moved within the prostate gland, and the treatment is performed by irradiating the entire cancer
tissue. Since the tissue is hardened by thermal degeneration, it is possible to confirm by the image whether the treatment
is performed uniformly on the entire area of the cancer tissue, by using the discrimination map data 22e that is partitioned
by degree of hardness, in such a manner as associated with the level of treatment effect.

[0082] Specifically, the discrimination map data 22e as shown in FIG. 12(a), the color of light-blue is assigned to the
range of elastic modulus (0 to around 80 kPa), which corresponds to a benign denatured tissue (prostatic hypertrophy)
and a non-denatured tissue of prostate gland (anterior part of prostate and posterior part of prostate), and the color of
red is assigned to the range of elastic modulus (80 to 115 kPa) corresponding to a malignant degeneration (prostatic
cancer). The range of the elastic modulus having the color of red indicates an area where no HIFU treatment has been
provided, or no thermal degeneration has occurred even after the HIFU treatment (therapeutic effect 0%). Furthermore,
the color of yellow is assigned to the elastic modulus range (115 to 130 kPa) indicating that a predetermined thermal
degeneration has occurred by the HIFU treatment and the area is hardened to a predetermined value, and the color of
green is assigned to the elastic modulus range (130 kPa and more) indicating that a sufficient thermal degeneration is
generated, and the area is hardened equal to or more than the predetermined value.

[0083] When the discrimination map data 22e is used, as shown in FIG. 12 (b), the elastic image data 121 of the
display area 70 before the treatment shows the area 122 of the prostatic cancer in red, similar to the case of FIG. 9. It
is figured out that the elastic image data 121 after fifteen times of the irradiation of HIFU to the area 122 shows a sufficient
thermal degeneration being generated in most part, and the area is changed to green 123 as shown in FIG. 12(c).
However, in a part, such sufficient thermal degeneration is not generated and the area is yellow 124. Therefore, if the
HIFU irradiation is applied to the yellow area 124, as shown in FIG. 12(d), then the yellow area 124 is changed to the
green area 123, and it is figured out that sufficient thermal degeneration has occurred.

[0084] In the HIFU irradiation apparatus, it is possible to set a position for irradiation, but a degree of the thermal
degeneration at that position cannot be known. The ultrasonic diagnostic apparatus having the discrimination map data
22e according to the present embodiment is used together with the HIFU irradiation apparatus, whereby it is possible
to figure out clearly an area where the thermal degeneration is insufficient by the hue of the image. Therefore, a reliable
treatment can be provided.

[0085] Itisto be noted here that in embodiment 7, the HIFU has been explained as an example. However, the present
invention is not only limited to this example but also applied to another treatment method such as RFA (percutaneous
radiofrequency ablation), and Cryotherapy that rapidly cools a cancer tissue for treatment. In such cases above, the
elastic modulus areas having the colors of yellow and green in the discrimination map data 22e are set appropriately
for respective therapies.

<Embodiment 8>

[0086] As the embodiment 8, discrimination map data for prostate tissue 22f and an image display example will be
explained with reference to FIG. 13 (a) to FIG. 13 (d), for evaluating a hormone therapy for prostatic cancer. The hormone
therapy for prostatic cancer shows a feature that when there appears a therapeutic effect, a cancer tissue is denatured
and becomes softened. By using the discrimination map data 22f that is separated by a degree of hardness in association
with the therapeutic effect level, it is possible to check by the image whether or not the therapeutic effect is produced.
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[0087] Specifically, in the discrimination map data 22f as shown in FIG. 13(a), the color of red is assigned to the range
of elastic modulus (equal to or more than 80 kPa) corresponding to the prostatic cancer, the color of yellow is assigned
to the range of elastic modulus that is a little softer (70 to 80 kPa), and the color of green is assigned to the range of
elastic modulus that is softer than a normal tissue (not more than 70 kPa).

[0088] When this discrimination map data 22f is used, in the image data 131 in the display area 72, the red area before
starting the therapy indicates the hardness of the prostatic cancer, and an area of interest 132 is set to this area. If the
area of interest 132 is changed to a yellow area in the image data 131 after the hormone therapy is started, it is figured
out that the area becomes softer by a predetermined therapeutic effect (for example, 70% effect). After a continuation
of the hormone therapy, if the area of interest 132 is displayed in green in the image data 131, it is figured out that a
sufficient therapeutic effect is produced (for example, 100% effect).

[0089] As thus described, by using the discrimination map data 22f, it is possible to clearly figure out the degree of
degeneration according to hues in the image, also in the hormone therapy against the prostatic cancer. Therefore, a
therapeutic effect can be easily recognized.

<Embodiment 9>

[0090] The discrimination data maps 22a to 22f used in the aforementioned embodiments 1 to 8 are maps configured
based on the elastic modulus (charts 111 and the like in FIG. 4), in the case where a total distortion amount occurring
on a target tissue to be diagnosed, according to a pressing operation by the vertical movement of the probe 10, is within
a predetermined range. Here, the total distortion amount (total distortion amount = } £(t)) is a value that is obtained by
accumulating a distortion amount (g(t)) measured before and after a minor pressure, from the state with no pressure
(time t = 0) to the time t. For example, the total distortion amount being 10% indicates that a ratio of length in a tissue
distorted by pressure is 10%, with respect to the length of the particular tissue in the pressing direction in the state that
the pressure is zero. By way of example, there is a tissue having a length of 5 cm in the state where the pressure is
zero, and if the length becomes 4 cm by the pressure, the total distortion amount is 20%. In the present embodiment,
this percentage is described as the total distortion amount.

[0091] However, as shown in FIG. 14, when the total distortion amount is different, the elastic modulus (elastic coef-
ficient) varies by tissue. A change rate (gradient of graph) of the elastic modulus with respect to each tissue is different
greatly by tissue, and it is known from that the graph showing the elastic modulus of the fiber tissue crosses the graph
showing the elastic modulus of the mammary duct cancer. By way of example, when the total distortion amount is 20%,
the elastic modulus of the mammary duct cancer (pink) is larger than the elastic modulus of the fiber tissue (green). On
the other hand, when the total distortion amount is 10%, the elastic modulus of the fiber tissue (green) is larger than the
elastic modulus of the mammary duct cancer (pink).

[0092] Therefore, the embodiment 9 has a configuration where multiple discrimination data maps are prepared in
association with the total distortion amount, in order to perform highly precise tissue identification, and these maps are
stored in the discrimination data map storing unit 122. It is desirable that the discrimination data maps are prepared with
respect to each total distortion amount. However, as shown in FIG. 14, it is desirable that at least two types of maps
(discrimination data map 22a and discrimination data map 22g having the total distortion amount 10%) are prepared,
before and after the crossing between graphs of two different tissues (the elastic modulus graph of fiber tissue and the
elastic modulus graph of mammary duct cancer).

[0093] After having prepared multiple discrimination data maps 22a and 22g, upon computing the elastic modulus,
the total distortion amount is computed simultaneously, and a corresponding discrimination data map 22a or 22g in
association with the computed total distortion amount is selected. By using the selected discrimination data map 22a or
22g, identification of tissue is performed in association with the elastic modulus at each point of the elastic image data.
[0094] By way of example, as shown in FIG. 15(a), the elastic image data measured with the total distortion amount
of 10% is separated by color by using the discrimination data map 22g as shown in FIG. 14. As shown in FIG. 15(b),
the elastic image data measured with the total distortion amount of 20% is separated by color by using the discrimination
data map 22a as shown in FIG. 14. Accordingly, if a tumor in the area of interest has an elastic modulus 100 kPa when
the total distortion amount is 10%; according to the discrimination data map 22g, it is displayed in the color of pink, i.e.,
being identified as mammary duct cancer, as shown in FIG. 15 (a) . However, if the area is further pressed and the total
distortion amount becomes 20%, as known from the mammary duct cancer graph shown in FIG. 14, the tissue of the
mammary duct cancer shows a value of elastic modulus around 330 kPa. Therefore, if the identification is performed
still using the discrimination data map 22a with the total distortion amount of 10%, it is displayed in the color of red,
resulting in that it may be erroneously identified as an infiltrating duct cancer. However, by using the discrimination data
map 22a with the total distortion amount of 20%, a partial tissue with the elastic modulus of 330 kPa is displayed in the
color of pink as shown in FIG. 15(b), and it is identified as a mammary duct cancer in the same manner as FIG. 15(a).
In other words, the partitioned ranges of elastic modulus are changed in accordance with the total distortion amount,
and the discrimination data map associated with this change is used appropriately, whereby the same partial tissue is
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properly identified, without influenced by the total distortion amount applied to the tissue. It is to be noted that a mean
value of the total distortion amount in the area of interest 151 is obtained and used, as a value of the total distortion
amount used in selecting the discrimination data map.

[0095] As described above, according to the embodiment 9, identification of a tissue can be performed considering
that even if the tissue is the same, the elasticity data (elastic modulus) may be changed by the total distortion amount.
Therefore, highly precise identification is possible.

[0096] In the discrimination data maps as shown in the embodiments 1 to 9, the elasticity data ranges in association
with the types of tissue and the types of degeneration (characteristics) are predetermined values. However, it is further
possible to configure such that the elasticity data range is obtained by computation based on the elasticity data and the
like being actually measured. For example, the following configuration is possible; the elasticity data items of a denatured
partial tissue and a non-denatured partial tissue, which are obtained by taking an image of multiple test objects, are
stored cumulatively in a storage area such as a partial area in the memory circuit 46. Then, the multiple elasticity data
items stored in the storage area are statistically processed and the ranges of elasticity data of a partial tissue being
denatured and of a partial tissue not denatured are determined. By way of example, when a mean value of the elasticity
data of the same partial tissue is assumed as "a" and a standard deviation is assumed as "¢", the values ofa + ¢, a +
20, and the like, may be assumed as the range of elasticity data for the tissue.

[0097] Inthe embodiments as described above, it is further possible to store in the cine memory 52, the monochrome
tomographic image data or the elastic image data outputted from the switch adder 44, the cine memory 52 being
connected to the switch adder 44 and the image display 20. Since the monochrome tomographic image or the elastic
image data being stored can be outputted to the image display 20 in response to a control command from the device
control interface 50, it is possible to display the monochrome tomographic image and the color elastic image in real time
while taking an ultrasonic image. In addition, even after the ultrasonic diagnostic apparatus is stopped, an image can
be reproduced and displayed as required. Therefore, the test object 1 can be diagnosed on a case-by-case basis, and
a diagnostic efficiency or an inspection precision may be further improved.

[0098] The present embodiment has been made considering a situation that a thing that a laboratory personnel needs
is not a value of hardness itself on a portion of interest, but a tissue characteristic, such as existence or non-existence
of degeneration and a probability of lesion on the portion. In view of such situation, the color information converter circuit
18 applied to the ultrasonic diagnostic apparatus uses the discrimination data map 22, so as to assign the hue information
and the monochrome brightness information corresponding to the elasticity data, indicating a tissue characteristic in the
area. Accordingly, the color elastic image finally displayed on the image display 20 is an image created directly from the
tissue characteristic of a portion of interest. Therefore, by referring to the color elastic image, the tissue characteristic
such as existence or non-existence of degeneration in the portion of interest can be promptly identified by the image,
and a clinically usable ultrasonic diagnostic apparatus can be implemented. It is to be noted that the color elastic image
may be structured by the use of an index value that is correlated with a value of elasticity data, for example, a ratio of
distortion between the areas of interest R1 and R2 in FIG. 10.

Brief Description of Drawings
[0099]

FIG. 1lis ablock diagram showing a configuration of an ultrasonic diagnostic apparatus according to one embodiment
to which the present invention is applied;

FIG. 2 (A) is a perspective view of an ultrasonic probe 10 shown in FIG. 1, and FIG. 2 (B) is a perspective view of
another configuration of the ultrasonic probe 10 shown in FIG. 1;

FIG. 3 is a block diagram showing a detailed configuration of the color scan converter shown in FIG. 1;

FIG. 4 is an explanatory diagram showing the discrimination map data 22a of the embodiment 1, the color map data
60 of the comparative example, and the graph 111 illustrating a relationship between the mammary gland tissue
and the elastic modulus;

FIG. 5 is an explanatory diagram showing the color map data of the comparative example;

FIG. 6 is an explanatory diagram showing the discrimination map data 22b of the embodiment 2, and the graph 111
illustrating a relationship between the mammary gland tissue and the elastic modulus;

FIG. 7 is an explanatory diagram showing the discrimination map data 22c of the embodiment 3, and the graph 111
illustrating a relationship between the mammary gland tissue and the elastic modulus;

FIG. 8 is an explanatory diagram showing the discrimination map data 22d of the embodiment 4, and the graph 112
illustrating a relationship between the prostate tissue and the elastic modulus;

FIG. 9 is an explanatory diagram showing a display example in the image display 20 of the embodiment 5;

FIG. 10 is an explanatory diagram showing a display example in the image display 20, when the areas of interest
are set at two locations in the embodiment 5;
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FIG. 11 is an explanatory diagram showing display examples in the image display 20 in the embodiment 6;

FIG. 12(a) is an explanatory diagram showing the discrimination map data 22d of the embodiment 7, and the graph
112 indicating the relationship between the prostate tissue and the elastic modulus, and FIG. 12 (b) to FIG. 12(d)
are explanatory diagrams respectively showing display examples, before and after the irradiation of HIFU, and after
the re-irradiation of HIFU;

FIG. 13(a) is an explanatory diagram showing the discrimination map data 22d of the embodiment 8, and the graph
112 indicating the relationship between the prostate tissue and the elastic modulus, and FIG. 13 (b) to FIG. 13(d)
are explanatory diagrams respectively showing display examples, before the hormone therapy, after the hormone
therapy is started, and after an effect of the hormone therapy appears;

FIG. 14 is a graph showing the discrimination data maps 22a and 22g used in the embodiment 9, and showing that
the elastic modulus of the tissue varies according to the total distortion amount; and

FIG. 15(a) is an explanatory diagram showing the elastic image separated by color using the discrimination data
map 22g as shown in FIG. 9 when the total distortion amount is 10% in the embodiment 9, and FIG. 15(b) is an
explanatory diagram showing the elastic image separated by color using the discrimination data map 22a as shown
in FIG. 9 when the total distortion amount is 20% in the embodiment 9.

Denotation of Reference Numerals

[0100] 10---PROBE, 12:--TRANSMITTING CIRCUIT, 13:--RECEIVING CIRCUIT, 16---ELASTICITY DATA CONFIG-
URATION UNIT, 18---COLOR INFORMATION CONVERTER CIRCUIT, 20---IMAGE DISPLAY, 23---COLOR SCAN
CONVERTER, 44---SWITCH ADDER, 46---MEMORY CIRCUIT, 48---COORDINATE CONVERTER CIRCUIT, 50---DE-
VICE CONTROL INTERFACE, 52---CINE MEMORY, 101---TOMOGRAPHIC IMAGE GENERATING SYSTEM,
102---ELASTIC IMAGE GENERATING SYSTEM, 122..- DISCRIMINATION DATA MAP STORING UNIT

Claims

An ultrasonic diagnostic apparatus comprising,

an ultrasonic probe for transmitting an ultrasonic wave to and receiving an ultrasonic wave from a test object,

an elasticity data configuration means for obtaining elasticity data regarding the test object, based on a received
signal of the ultrasonic probe,

an image generation means for generating an elastic image showing a distribution of the elasticity data of the test
object, and

a display mode setting means for setting a display mode of the elastic image, in order that a different tissue becomes
identifiable based on a value of the elasticity data, wherein,

the display mode setting means sets different display modes within one tissue, corresponding to the value of the
elasticity data thereof.

The ultrasonic diagnostic apparatus according to claim 1, wherein,

the display mode setting means identifies degeneration states within the one tissue corresponding to the value of
the elasticity data thereof, and sets different display modes within the one tissue, corresponding to the degeneration
state.

The ultrasonic diagnostic apparatus according to claim 2, wherein,
the display mode setting means has a color information imparting means that imparts color information differentiated
by the degeneration state within the one tissue.

The ultrasonic diagnostic apparatus according to claim 3, wherein,
the color information includes a hue and brightness, and the color information imparting means changes at least
one of the hue and the brightness continuously, corresponding to the degeneration state within the one tissue.

The ultrasonic diagnostic apparatus according to claim 4, wherein,
the color information imparting means imparts the same hue to a denatured area within the one tissue, and changes
the brightness of the hue continuously corresponding to the degeneration state on the denatured area.

The ultrasonic diagnostic apparatus according to claim 1, wherein,

the display mode setting means identifies degeneration types within the one tissue corresponding to the value of
the elasticity data, and sets different display modes corresponding to the degeneration types within the one tissue.
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The ultrasonic diagnostic apparatus according to claim 6, wherein,
the display mode setting means has a color information imparting means that imparts color information as the display
mode.

The ultrasonic diagnostic apparatus according to claim 6, wherein,
the display mode setting means imparts a pattern as the display mode.

The ultrasonic diagnostic apparatus according to claim 6, wherein,
the display mode setting means imparts numerical value information representing an elasticity property, as the
display mode.

The ultrasonic diagnostic apparatus according to claim 6, wherein,

the color information imparting means divides a range of the elasticity data according to the degeneration type, and
imparts different color information items respectively to points in the one tissue, in association with the elasticity
data ranges in which the elasticity data item of each of the points is included.

The ultrasonic diagnostic apparatus according to claim 10, wherein, the color information imparting means separates
as adifferent elasticity datarange, an area where the elasticity data ranges corresponding to atleast two degeneration
types are overlapping.

The ultrasonic diagnostic apparatus according to either one of claim 10 and claim 11, wherein,
the color information imparting means imparts the color information in such a manner that the color information
discretely varies on the border between the elasticity data ranges.

The ultrasonic diagnostic apparatus according to any one of claims 10 to 12, wherein,
the color information imparting means controls imparting of the color information in such a manner that the same
color information is assigned to the same degeneration type within the one tissue.

The ultrasonic diagnostic apparatus according to claim 13, wherein, the color information imparting means prepares
multiple types of elasticity data range in advance, and selects the type of the elasticity data range so that the same
color information is assigned to the same degeneration type.

The ultrasonic diagnostic apparatus according to either one of claim 10 and claim 11, further comprising,

a memory means for storing a value of the elasticity data for each of the degeneration types, with respect to each
test object, wherein, the color information imparting means defines the elasticity data range for each of the degen-
eration types, based on the elasticity data, more than one, being stored in the memory means.

The ultrasonic diagnostic apparatus according to claim 6, wherein, the degeneration types includes at least one of
the followings; a cancer tissue, a thermally hardened tissue, a fibrous tissue, a tissue hardened by cooling, and a
tissue softened by hormone therapy.

The ultrasonic diagnostic apparatus according to any one of claims 10 to 12, wherein,

the color information imparting means has a storage unit for storing a map in which the elasticity data range is
associated with the color information, and imparts the color information to each point of the image according to the
map.

The ultrasonic diagnostic apparatus according to claim 17, wherein,

the storage unit stores at least one map for each diagnostic part of the test object, and the color information imparting
means selects and uses the map according to the diagnostic part of the test object.

The ultrasonic diagnostic apparatus according to either of claim 17 and claim 18, further comprising a display means
for displaying the elastic image, wherein,

the display means displays the map in a form of color bar.

The ultrasonic diagnostic apparatus according to claim 7, wherein, the color information includes at least one of a
hue and brightness.

The ultrasonic diagnostic apparatus according to claim 20, wherein, the color information imparting means further
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imparts different brightness according to the value of elasticity data, as to a point having the elasticity data within
the elasticity data range to which the same hue is imparted.

The ultrasonic diagnostic apparatus according to any one of claims 1, 2 and 6, wherein,
the elasticity data is at least one of the followings; elastic modulus, viscoelasticity ratio, distortion amount, viscosity,
an amount of displacement, a stress, and Poisson’s ratio.

The ultrasonic diagnostic apparatus according to claim 19, further comprising a control means for controlling a
display of the elastic image on the display means, wherein,

the control means accepts a setting of an area of interest against the elastic image that is displayed on the display
means, obtains statistical information about the elasticity data of each point within the area of interest, and displays
the statistical information in such a manner as associated with the elasticity data range on the color bar, or with the
area of interest.

The ultrasonic diagnostic apparatus according to claim 23,

the control means displays a background area being separated by color just like the color bar on the display means,
and displays a graph representing a temporal change of a mean value in such a manner as superimposing on the
background area.
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extent that no meaningful international search can be carried out, specifically:

3. ‘:l Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. IIT Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
(See extra sheet.)

L. ‘:] As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment of
any additional fee.

3. \:l As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 1-5, 6, 8, 9, 22

Remark on Protest |:| The additional search fees were accompanied by the applicant’s protest and, where applicable,
the payment of a protest fee..

I:l The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:| No protest accompanied the pavment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)
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INTERNATIONAL SEARCH REPORT International application No.
PCT/JP2006/306712

Continuation of Box No.III of continuation of first sheet (2)

The matter common to the inventions of claims 1-22 is the one stated
in claim 1. However, the search has revealed that the mater is not
novel since it was publicly known at the filing date (for example, see
document Hiroshi KANAT et al., "Kekkan Katasa Bunpu no Keihiteki Hyokaho
toDenghi Senshoku", The Japanese Journal of Clinical Pathology, 2003.08,
Vol.51, No.8, pages 805 to 812)

Therefore, the constitution cannot be consideredasaspecial technical
feature within the meaning of PCT Rule 13.2, second sentence.

Consequently the inventions of claimg 1-5, the inventions claims 6,
7,20, 21, the inventionof claim8, the inventionof ¢claim9, the invention
of claims 10-15, 17-19, the invention of claim 16, and the inventions
of claim22 obviously donot satisfytherequirement of unityof invention.

However, this International SearchingAuthority didnot invite payment
of any additional fee for the invention of claim 6, claim 8, claim 9,
and claim 22.

Form PCT/ISA/210 (extra sheet) (April 2005)
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REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

. JP HEI05317313 A [0004] [0033] [0035]

Non-patent literature cited in the description

e Clinical Pathology, 2003, vol. 51 (8), 805-812 [0004] e T.A KROUSKOP et al. Ultrasonic Imaging, 1998
[0054]
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